An improved procedure for the Laurell "rocket" technique is described. Samples were electrophoresed in an agarose gel containing anti-human albumin. The gel plates were processed, the peaks stained, and peak heights used to calculate albumin concentrations. Factors affecting precision were (a) adequate heating of agarose gel before antibody is added, (b) accUrate leveling of the gel surface during plate formation, (c) applied voltage during sample application, and ( avoidance of the 'edge" effect on sample placement in the gel. Multi-plate long-term precision (CV) for the method was 6.2% at a mean albumin concentration of 13 gIL and 3.0% at 37 gIL. Analytical recovery of 8 and 11 g of albumin per liter was 99 to 100%. There was negligible interference from hemoglobin and dextran as well as several common substances that bind to albumin-bilirubin and salicylate.
Solutions.
Reagent-grade water ("Milli-Q System"; Millipore Corp., Bedford, MA 01730) was used to prepare all aqueous solutions. Stock barbital buffer (75 mmol/L, pH 8.6) was prepared from preweighed packages; working barbital buffer (20 minol/L, pH 8.6) was prepared by diluting this stock buffer and ifitering it through a 0.45-pm pore-size filter. A 10 gIL agarose solution was divided into 20-mL aliquots, which were stored at 4#{176}C. The desttiining solution was 96% ethanol (960 mLIL)/glacial acetic acid/H2O (45110/ 45 by vol). For staining we used a 5 g/L solution of Coomassie Brilliant Blue in destaining solution.
Solutions used in checking for interference were prepared in a pooled specimen of normal human serum as follows. For salicylate, acetylsalicylate, and dextran, an appropriate amount of solid was dissolved in the serum pool. For bilirubin we added 0.1 mL of a 20 g/L bilirubin solution in 0.1 mol/L NaOH to the serum pool to yield a final concentration of 200 mg/L. For hemoglobin, we added to the serum pool a clear hemolysate containing 137 g of hemoglobin per liter to yield a final hemoglobin concentration of 4 gIL.
Calibrators.
Sources of human serum albumin were obtained from the following suppliers: lot no. 36, Pentex#{174}, 
DE 19898
). The monomeric purity was determined by electrophoresis in polyacrylamide gel, 75 g/L, after incubating the sample at 100#{176}C for 5 rein in sodium dodecyl sulfate, 20 g/L, to denature the proteins and render all molecules negatively charged.' The globulin content was determined by electrophoresis on cellulose acetate. We analyzed the material for albumin and globulins and establishedthe albumin content by subtracting the weight of volatiles, ash, and globulins from the total weight of the commercial material.
We prepared stock calibrator solutions of albumin by dissolving a verified amount of albumin in reagent water, correcting appropriately for partial specificvolume and purity 
35,36 (see below
). Electrophorese for 16-18 h at 8 #{176}C, press, dry, stain,and destain the gel (5).
Calculations.
Measure the peak heights to the nearest 0.5 mm, determine the linear regression equation for calibrator concentrations vs calibrator peak height, and use the equation to calculate the concentrations of the unknowns. Figure  1 shows a typical calibration curve.
Results and Discussion
Pentex (lot 36) was selected as the calibrator material because it had the lowest globulin content of all the albumire tested (Table 1) . Itsash content was acceptably low, < 1.0%. Volatiles content averaged 6.5%. We evaluated the purity of the albumin rather than depending on information from the vendor, because of the large bottle-to-bottle variation (± 1.5%) in the volatiles content and discrepancies with the vendor-assigned value of 2.2%. Aggregate analysis of the material showed it to contain 90% monomer, 5% dimer, and 5% polymer. We estimated that this proportion of nonmonomeric albumin in the calibrator material caused an average positive error of 2.5% in the apparent albumin concentration of serum samples (9).
The first factor improving within-run precision was adequate heating of the agarose gel. The agarose gel had to be liquified in a boiling water bath for about 45 miii before the The last factor studied was the "edge" effect (see Proceantibody-agarose mixture was prepared. Heating the agardure). This phenomenon is illustrated in Figure 2 in which ose for only 15 mm resulted in a visually homogeneous the same sample (39.8 g/L) was placed in wells 1-34, with mixture but unacceptably high within-run variability (Tathe end wells 15 mm from the edge of the plate. Toward the ble 2). The improvement in variation was significant (a = edge the peak heights have a rising trend with a maximum 0.05).
bias of 1 mm (2.5%) from the mean peak height. Laurell and The second factor was accurate leveling. We found that a MacKay reported a similar effect (4). Contrary to our plate prepared with a deviation of only 0.07#{176} off-level results, Weeke (5) reported that the edge effectcould be produced significantly (a = 0.05) less precise analyses avoided by placing the end wells at least 10mm from the gel (Table 3) . The ability to level the plate to this tolerance with edge.
the level provided in the Multiphor kit was difficult; use of a Although brief published statements have been made precision level was necessary to produce plates with the concerning the precision and accuracy of this method (1, 7, desired quality. 10), no systematic study has been reported. Within-run, dayThe third factor was applying voltage to the gel plate to-day, and total precision were determined by running during sample pipetting.
For example, at a concentration of controls in triplicate, one run per day for 35 days along with 22 gIL, the within-run CV (n = 14) was 1.3% with applied patients' samples ( Table 4) . voltage as opposed to 2.4% without applied voltage during Long-term CV at 13 g/L was less impressive than that sample pipetting. Pipetting time was less than 10 mm. obtained at 37 g/L. Both within-run and day-to-day compoWeeke (6) recommended that the current be on during nents of variation contributed about equally to the total. sample application to avoid diffusion. Laurell (10), however,
Recoveries of crystallized albumin added to human serum suggested that if the interval between the first and last poolsat 8 and 11 g/L were essentially quantitative (Table 5 ). sample pipettung did not exceed 10 mm, diffusion would not Although immunoelectrophoresis is considered a highly affect the results.
specificmethod for the determination of proteins, we expected that substances that bind strongly to albumin, and also in lyophilized albumin preparations, and (d) sample-to-sample interactions during electrophoresis.
